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Profits, supply and HYV adoption in Bangladesh 
 
 
ABSTRACT 
 
The adoption of HYV’s, increased farm profitability, and the accelerated supply of cereals 
are important objectives for Bangladesh agriculture. In this paper, we have investigated the 
manner in which price and non-price factor affect these three criteria, based upon a model of 
rational variety choice. The model is empirically implemented using translog profit functions 
and a switching regression framework, and applied to a cross-sectional farm-level dataset of 
Bangladeshi farms for the 1996 crop year. Results indicate that rice prices, land availability, 
irrigation, rural infrastructure, labour wages and prices of animal power services are 
important factors, while fertilizer price play a marginal role. Given these results, the policy 
of liberalization of agricultural inputs (particularly fertilizers) and reforms to maintain high 
rice prices during harvest seasons appear sound since these allow producers to receive rice 
prices close to world levels without burdening the government with input subsidies. Result 
also shows that educated Bangladeshi farmers substitute their time inputs away from 
agriculture, resulting in lower HYV adoption, farm profitability and rice supply.  
Key Words: HYV adoption, resource allocation decisions, profitability, Bangladesh. 
JEL classification: Q12, O33, C31. 
 
1. Introduction 
Food security continues to be the predominant economic concern in Bangladesh even four 
decades after the advent of the ‘Green Revolution’. Food production levels have registered 
continuing deficits, and the country does not possess the resources to make up chronic 
shortfalls through imports (Ahmed and Hasanuzzaman, 1998). The focus of concern has 
naturally been on rice which remains the staple sources of nutrition in Bangladesh. High 
Yielding Varieties (HYVs) of rice provide substantially better yields than the Traditional 
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Varieties (TVs). Thus the push towards food security could be envisaged in terms of progress 
in two directions: first, an expansion in the area under HYVs and second, an increase in 
foodgrain supply at the farm-level. However, in spite of recent progress, Bangladesh has one 
of the lowest HYV adoption rates in Asia (Azam, 1998). Currently, only 61% of rice area is 
under HYV rice (BBS, 2001). Additionally, there has been little improvement in farm-level 
variety specific rice yield (Mahmud, 1998). For example, farm-level yield of HYV and TV 
rice is estimated at 4.44 mt/ha and 2.81 mt/ha in 1987 (Hossain, et al., 1990). After nine 
years, in 1996, estimates of farm-level yield of HYV rice remained at 4.35 mt/ha while yield 
of TV rice increased slightly to 3.16 mt/ha, largely owing to increased use of inorganic 
fertilizers in traditional varieties (Table 1). Furthermore, in a situation characterized by 
endemic rural poverty, farm profitability is an important concern. Economic returns are often 
very low in Bangladeshi farms. Even farming operations at the higher end of the profit scale 
may not be able to provide an adequate standard of living to the household (Hossain, 1989). 
In 1987, farm-level profits from HYV rice cultivation was 123.5% higher than the traditional 
varieties (Hossain et al., 1990) which now have declined to only 41.9% in 1996 (Table 1).  
Given these continuing problems even with the ‘Green Revolution’ now in its mature 
stage, important lessons can be learned from an exercise that jointly evaluates the 
determinants of (i) HYV adoption, (ii) variety-specific supply and (iii) profitability at the 
level of the individual producer. We undertake such a task in this paper by applying a model 
of technology adoption developed by Pitt (1983) to an extensive cross-sectional production 
dataset for 1996. The nature of the empirical model, in combination with the level of detail in 
the dataset, enables us to evaluate key price and non-price determinants on all three fronts 
mentioned above. In light of the evidence, we comment on how consistent recently 
implemented policies might be with the three criteria, and suggest directions for the future. 
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The next section reviews relevant prior research concerning determinants of HYV 
and/or modern technology adoption in Bangladesh and elsewhere. Section 3 explains the 
theoretical and empirical underpinnings of our model. Sections 4 and 5 lay out our empirical 
specification and details regarding the data, respectively. Results are presented and discussed 
in Section 6. Section 7 investigates implication with respect to policy in Bangladesh and 
concludes. 
2. Studies analyzing determinants of technology adoption 
Several studies have analyzed determinants of adoption of modern/improved technologies 
(including HYVs of rice, wheat and/or maize) by farmers in Bangladesh and elsewhere using 
simple ad-hoc models. These are typically OLS, probit or tobit regressions of technology 
adoption on variables representing: (a) socio-economic circumstances of farmers – such as, 
farm size, tenurial status, farmer education levels, farming experience, family size, and 
gender, and (b) institutional and physical infrastructures – such as, irrigation, credit, 
extension contacts, membership in organizations, and distance to markets/bus stops/extension 
offices (e.g., Kashem, 1987; Hossain, 1989; Ahmed and Hossain, 1990; Alauddin and Tisdel, 
1991; Nkamleu and Adesina, 2000; Shiyani, et al., 2002; Floyd et al., 2003; Ransom, et al., 
2003; Asfaw and Admassie, 2004).  Few of these studies outlined implicit theoretical 
underpinning of such ad-hoc modelling (e.g., Nkamleu and Adesina, 2000) which is the 
assumption of utility maximization by rational farmers. Furthermore, all of these studies 
ignored or omitted price factors (both input and output prices) as determinants of technology 
adoption which has important bearing on profitability and resource allocation decisions, and 
concentrated only on non-price factors discussed above, hence providing an incomplete 
picture of farmer’s decision-making process. 
Among the non-price determinants, that irrigation and credit availability are critical to 
HYV adoption are results that this literature on Bangladesh has reached a consensus on. 
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Among the more interesting and controversial factors is the education of the farmer. While 
Kashem (1987) finds that education encourages HYV adoption, Hossain (1989) comes to the 
opposite conclusion in case of Bangladeshi farmers. Elsewhere, the results are similarly 
controversial. For example, Nkamleu, and Adesina (2000) and Asfaw and Admassie (2004) 
concluded that education is important in influencing adoption of chemical inputs in 
Cameroon and Ethiopia; whereas Ransom et al., (2004) and Shiyani et al., (2002) found no 
significant influence of education on the adoption of improved maize in Nepal and chickpea 
in India, respectively.  
There is a difference in the survival probabilities of HYV and TV rice crops under 
flood conditions. This factor is likely to influence adoption rates and be instrumental in 
determining the time path of diffusion of HYV technology, especially in a flood-prone 
country like Bangladesh. Such reasoning forms the basis underlying a small but interesting 
literature, including Bera and Kelly (1990) and Azam (1996). Both studies concluded that 
adoption of HYV technology is influenced by flood damage, among other factors. Another 
important contribution is that of Parikh and Bernard (1988), who infers the attitudes of rice 
farmers to risk by their adoption or non-adoption of riskier modern varieties. They concluded 
that large holders of land tended to be relatively more risk-averse than small holders of land 
and level of HYV adoption declines with increase in land size. Shiyani, et al., (2002) 
concluded that yield risk significantly influence improved chickpea adoption in India with the 
expectation that adoption of improved variety will minimize yield variability.  
The contribution of this study to the literature on the economics of HYV adoption can be 
understood by considering the following points: 
(1) As pointed out previously, several of the empirical studies on adoption were ad-hoc and 
not specified on the basis of models of farmer behaviour. Models based on explicit 
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optimizing behaviour can provide a better understanding of the process by which external 
factors determine adoption
1
.   
(2) The majority of previous studies have used cross-sectional data pertaining to the early and 
middle stages of HYV adoption. Besley and Case (1993) point out that where the 
technology is incompletely diffused through the population, parameters estimated from 
single cross-sections can be hard to interpret. They also note that once the diffusion 
process is complete, cross-sectional studies can provide insights into how farm 
characteristics affect adoption. 
More than thirty-five years have passed since improved varieties were first introduced in 
Bangladesh. Knowledge regarding HYV techniques has spread widely among the producers, 
and it is easier now to view adoption as an informed choice made by rational producers. Thus 
not only our data are more representative of the existing state of affairs, but the model we 
employ is more reflective of the current climate of informed decision-making and explicitly 
takes into account both price and non-price factors influencing adoption. 
3. The Model
2
: 
Farmers are viewed as profit-maximizing agents who make two sets of decisions. One is a 
choice between TV and HYV technologies and the second the choice of variable inputs, given 
the chosen technology. The set of output and input prices and the set of fixed factors thus 
determine all variables of interest: the choice between varieties, variety-specific output supply, 
input demands and profits
3
. 
                                                 
1
 This is akin to the relative advantages of estimating structural form vs. reduced form equations. It is always 
possible to go from the structural form to the reduced form, but not vice-versa. 
2
 This section is based on Mark Pitt’s model of technology adoption. We only provide a synopsis of the model 
here. Readers interested in further details are referred to Pitt (1983). 
3
 By characterizing farmers as profit maximizers, we are ignoring considerations of risk. Parikh and Bernard 
(1988) tackle the issue of risk and HYV adoption in Bangladesh. 
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The model can be described by a system of simultaneous equations specifying profits 
under traditional and HYV technologies and a criterion function representing the selection 
process: 
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where: πhi profits under HYV variety, πli profits under traditional variety, Pi vector of output 
and variable input prices, Zi vector of fixed inputs, βh, βl, γh, γl, and λ are vectors of 
parameters, I’ unobserved (latent) variable determining choice of varieties, εh, εl, εi, are 
random errors and i indexes individuals. 
The model sets out the variety selection procedure (3) as a process (subject to error) 
that weighs alternative profits under the traditional and HYV regimes {represented by the 
profit functions in (1) and (2)}. Of course, only the ex-post decision is observed, which can 
be represented by a dummy variable I. Therefore: 
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In this model of rational variety choice, estimation of either (1) or (2) using 
observations from a single variety alone is likely to produce biased estimates. This happens 
because the omission of a particular variety from estimation leads to non-zero conditional 
expectation of the error terms of individual profit functions. However, with a sample 
consisting of observations from both varieties, the following two-step estimation strategy can 
provide unbiased estimates of variety specific profit functions (Heckman, 1976; Lee, 1976 
and Pitt, 1983). 
(i) Substituting the variety-specific profit functions (1) and (2) into the latent variety-selection 
equation (3) provides a reduced-from linear variety-selection equation given by:  
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Replacing the latent variable with the observed adoption dummy enables (5) to be estimated 
by probit methods. 
(ii) The estimate of (5) can be used in computing ‘correction terms’ that enables the 
conditional expectation of error terms of individual profit functions (1) and (2) to be zero. 
Consequently, variety-specific profit functions estimated with the appropriate correction term 
included among the regressors are consistent and unbiased (Heckman, 1976; Lee, 1976; Pitt, 
1983). 
The following features can be noted regarding the model: 
(i) Probit estimation of (5) not only enables the estimation of a correction factor to remove 
bias in variety-specific profit function estimates, but also provides information on how 
price and non-price variables affect the probability of adoption. 
(ii) The empirical probit equation is derived from the optimizing behaviour. The adoption 
decision is seen as a purely economic outcome where a variable can affect the probability 
of adoption only if it belongs in the profit function. 
(iii)Second-stage variety-specific profit function estimates provide added information on how 
the key price and non-price factors affect farm profitability and output supplies.  
Our three criteria can thus be evaluated in mutually consistent fashion. 
4. Empirical specification 
Translog functions are used to represent the variable profit functions of traditional and HYVs 
of rice, equations (1) and (2). The normalized restricted translog profit function can be 
written as: 
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where π’ is the restricted profit (total revenue less total costs of variable inputs) normalized 
by output price Py, Pi is the price of variable input Xi, normalized by the output price, Zk is the 
kth fixed input; i = h = 1, ….n; k = j = 1, … m. α0, αi, γih, βk, δik, and ψkj, are parameters to be 
estimated, given symmetry and homogeneity restrictions. 
From the profit function (6), the following share equations can be derived (Diewert, 
1974; Sidhu and Baanante, 1981): 
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where Si is the variable expenditure for the ith input divided by total profits. 
Our estimation proceeds along the lines outlined in the previous section. To summarize: 
(i) A probit estimate of the variety-selection equation (5) is obtained by using maximum 
Likelihood (ML) methods on cross-sectional data. Since profit functions are translog, the 
reduced form variety-selection equation (5) also has a translog form. The probit equation 
can thus be written as: 
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where θˆ  is a dummy variable taking the value 1 if the plot is planted to HYV rice and 0 
otherwise, D is the dummy variable representing seasonality, µ’s are the parameters to be 
estimated. Rest of the variables is defined earlier. 
(ii) Inverse Mill’s Ratios (IMR) for each member of the cross-section are computed. The 
IMRs are given by )(/)( θθ
))
Ff−  for HYV observations, and )](1/[)ˆ( θθ
)
Ff −  for 
observation using traditional varieties (Heckman, 1976; Davidson and McKinnon, 1993). 
(iii)Two different profit functions are estimated for HYV and TV, respectively. 
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These profit function includes correction factors computed in (ii) as regressors and are 
hence consistent and unbiased. Since the estimation of share equations (7) along with profit 
functions are known to yield more efficient estimates (Heckman, 1976), we undertake such 
joint estimation using Seemingly Unrelated Regressions (SUR) procedure. 
5. Data and variables 
This study utilizes cross-sectional primary data for the crop year 1996. The data were 
collected by a team of field researchers via an intensive farm-survey coordinated by one of 
the authors of this paper. Multistage random sampling techniques were used in selecting 
study locations as well as the sample farmers. Three agro-ecological regions of Bangladesh 
are represented in the dataset: the Old Brahmaputra Floodplain, the High Ganges River 
Floodplain and the Middle Meghna River Floodplain. Samples from 21 villages – eight 
villages of the Jamalpur Sadar sub-district of Jamalpur, six villages of the Manirampur sub-
district of Jessore, and seven villages of the Matlab sub-district of Chandpur – were used to 
represent these regions.  
Information was obtained on input and output quantities as well as prices, at the plot 
level. Additionally, socio-economic characteristics of the farm families and village-level 
infrastructural development data were also recorded. The geographical dispersion of the 
sample plots and imperfections in input markets in Bangladesh ensure adequate variability in 
prices across the cross-section
4
. In our sample, rice price varied from Tk 3.75 to Tk 7.5 per 
kg; fertilizer price varied from Tk 4.00 to Tk 10.00 per kg; labour wage varied from Tk. 
25.00 to Tk 65.00 per person-day, and price of animal power services varied from Tk. 30 to 
                                                 
4
 Input and output prices vary in rural Bangladesh during period of peak demand. For example, price of 
fertilizers and labour wage soar dramatically during peak sowing seasons. Several factors beyond the control of 
the farmers are largely responsible for such variation in price, including hoarding by wholesalers, supply 
disruptions due to frequent transport strikes and other similar events, and relative shortage of hired labour during 
peak transplanting season.   
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Tk. 110 per animal-pair days, respectively. A formal F-test for differences in the prices of 
fertilizers, labour wage, animal power services and the rice across 21 villages in each of the 
three cropping seasons (i.e., Aus, Aman and Boro season) under study rejected the null-
hypothesis of “no-difference” at 1% level for all, thereby confirming that significant price 
variation exists in our sample, and hence, the application of the profit function model is 
justified. A total of 946 observations (324 observations of traditional rice varieties and 622 
observations of HYV rice varieties) constitute the final sample. The variables used for this 
research are as follows: 
Outputs: Quantities, varieties and prices of rice produced. 
Variable inputs: Quantities and prices of fertilizers, labour and animal power services. 
Fixed inputs: Quantities of land, value of farm capital assets, index of infrastructural 
underdevelopment
5
, and irrigation cost. 
Other variables: Farmers’ education and seasonality dummy. 
Infrastructural development is a key limiting factor in the development of 
Bangladeshi agriculture (Ahmed and Hossain, 1990). Areas with better infrastructural 
development can realize higher productivity levels than infrastructurally underdeveloped 
areas for several reasons: extension information reaches them more easily and delivery of 
modern inputs such as fertilizers is timelier.  
                                                 
5
 The index of infrastructure was constructed using the ‘cost of access’ approach. A total of 13 elements were 
considered for its construction. These are, (1) primary market, (2) secondary market, (3) storage facility, (4) rice 
mill,  (5) paved road, (6) bus stop, (7) bank, (8) union office, (9) agricultural extension office, (10) high school, 
(11) college, (12) thana (sub-district) headquarter, and (13) post office. The distance of these facilities from the 
village and the travel cost incurred to access these facilities was utilized to construct the index. High index value 
refers to high under developed infrastructure (for details of construction procedure, see Ahmed and Hossain, 
1990).  
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Summary statistics of all variables are presented in Table 1. It is clear from Table 1 
that HYV technology provides significantly higher yield as well as profits per hectare. 
Therefore, the premise that difference in profit between HYV and TV as a main determinant 
in variety selection is justified. Table 1 further confirms input intensive nature of the HYV 
technology as all three variable input quantities used are significantly higher in HYV rice 
production as compared to traditional rice varieties. Therefore, input and output prices is 
expected to play a key role in the decision making process. These results corroborate with 
studies by Hossain (1989), Ahmed and Hossain (1990), and Hossain et al., (1990).  
6. Results and discussions 
Prior to using the estimates to evaluate the effects of price and non-price factors on our three 
criteria, we discuss estimation diagnostics briefly.  
Results from the (first stage) maximum likelihood estimation of the probit reduced 
form variety-selection equation in (8) are presented in Table 2. It should be noted that the 
estimates in their ‘raw’ form do not provide information on the sign and magnitude of the 
relationship between the independent variables and the probability of HYV adoption. The 
Chi-squared test statistic is significant at the 1% level, confirming joint significance of 
parameters. About 81% of the observations are accurately predicted. A total of 16 parameters 
out of 45 are significant at the 10% level at least. 
Second stage SUR estimates of the TV and HYV profit equations are presented in 
Table 3. The F-test statistic confirms that the set of parameters are jointly significant at 1% 
level for both profit functions. A large proportion of the set of parameters is significant at 1% 
and 5% levels, respectively. The selectivity variable in the TV profit function is significant at 
5% level, which confirms that estimation using observations from only a single variety will 
produce biased estimates due to the reason discussed in section 3.  
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Studies estimating profit functions typically present own and cross-price input 
demand elasticities. However, such an endeavour here would shift the focus of this research, 
and hence we do not present input demand information. We proceed by evaluating the effects 
of changes in input and output prices and fixed factors upon our three criteria: HYV adoption 
probability, farm profitability and output supply. All measures are presented in elasticity 
terms, evaluated at sample means (Table 4). 
HYV adoption probability elasticities are computed from the probit estimate of (8). 
As discussed in section 3, F(θˆ ) represents the computed probability of HYV adoption. The 
derivative of the probability of adoption with respect to input price Pi is given by 
,)(
ln
)(
ii P
f
P
F
∂
∂
=
∂
∂ θ
θ
θ
)
)
)
 where f(.) is the standard normal density function. Therefore, the 
elasticity of adoption probability with respect to input price Pi can be expressed as: 
iii PF
f
FP
F
P
F
ln)(
)(
)(
1
ln
)(
ln
)(ln
∂
∂
=
∂
∂
=
∂
∂ θ
θ
θ
θ
θθ
)
)
)
)
))
, which is easy to compute since the probit regressions 
(5) already has regressors appearing in logarithmic form. 
The effects on farm profitability are measured by computing profit elasticities. In 
standard profit function models, profit elasticity expressions are easy to derive and calculate. 
For example, profit elasticity with respect to input price Pi can be derived as follows.  
By Hotelling’s Lemma, ).,( ZPX
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, the ith share equation. The estimated share equations can thus 
be readily used to calculate profit elasticities at sample mean values of exogenous variables. 
However, under our variety-switching framework the measure are not straight-
forward. A change in a price or fixed factor causes a change in the probability that a 
particular variety is planted, and the profit elasticity measure has to account for such a shift. 
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This can be seen by noting that the relevant profit measure, given a set of exogenous 
variables (P, Z) is expected profit: 
)9(),/(Pr),/(Pr),/( ZPTVobZPHYVobZPE TVHYV πππ ++  
The elasticity measures have to be computed by taking the partial log-derivative of this 
expression with respect to the variable of interest. Evidently, this will include effects on the 
probability of adopting each variety. Output supply elasticities under a switching framework 
are also subject to similar considerations. The derivation of profit and supply elasticity 
expressions under the switching framework is relegated to the appendix.  
The first column of Table 4 presents the HYV adoption probability elasticities. Output 
price seems to be a predominant factor influencing adoption of HYV rice as profitability 
would rise with increase in rice price. Since total input cost under HYV is higher than the 
TV, the relative profitability of HYV vis-à-vis TV production increases with better output 
price. All of the input price variables have expected negative signs. However, a reduction in 
labour wage would increase HYV adoption probability substantially, since HYV technology 
is demanding on all inputs including labour. This is because, HYV technology is a labour 
intensive technology and, transplanting in particular, requires large amount of labour in a 
short space of time where use of family labour only may not be sufficient. Previous studies 
{e.g., Hossain (1989), Hossain et al., (1990) and Ahmed and Hossain, (1990)} also confirmed 
that HYV rice technology uses significantly higher share of hired labour. The influence of 
fertilizers and animal power services are relatively small compared to labour wage, but are 
consistent with those obtained by Pitt and Sumodiningrat (1991) for Indonesia. One of the 
reasons for relatively lower influence of fertilizer price as compared to other two key inputs 
considered in this study may be due to the fact that farmers use a fixed dose of fertilizers at 
the outset (during the land preparation stage) when planting HYV rice in order to ensure a 
minimum level of yield to cover subsistence requirements. Also, Bangladeshi farmers use 
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substantially lower level of fertilizers, about 40–70% below recommended levels (Ahmed, 
2001), implying that a fall in fertilizer price will have the desired positive influence on HYV 
adoption probability but the magnitude is likely to be small . 
The effect of land size is negative indicating that small farmers are more likely to 
plant HYV rice than larger farms. This finding may seem inconsistent against a priori 
assumption and warrants awareness of the actual condition that the farmers face in their 
pursuit of livelihoods. Rice is the staple crop in Bangladesh for all, which eventually forces 
small and marginal farmers to obtain as much output as possible from their limited amount of 
land (either owned or rented/leased in) to meet subsistence need at least. Therefore, planting 
HYV rice varieties instead of traditional varieties provides higher chances to meet this basic 
need, because the former is still capable of providing significantly higher yield. Availability 
of irrigation increases the probability of choosing HYV rice, consistent with the conventional 
expectation.  
Level of infrastructure development is also an important factor indicating that HYV 
adoption probability decreases with infrastructure development
6
. This is because, in 
underdeveloped regions, adoption of HYV technology provides the best possible option to 
improve farmers’ income as opportunities for producing high valued cash crops or seeking 
off-farm employment are highly limited. Therefore, given the limited amount of options to 
choose from, farmers in underdeveloped regions resort to produce HYV rice provided if 
opportunities for basic irrigation exists. Ahmed and Hossain (1990) found a positive but non-
significant influence of infrastructural development on HYV adoption and concluded that 
“the effects of infrastructure are primarily indirect, through prices and technology adoption 
(i.e., irrigation). The direct effect (of infrastructure), which is independent of prices and 
technology is not significant” (pp. 36). We also find positive influence of irrigation on HYV 
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adoption. Developed infrastructure, on the other hand, opens up various opportunities 
including scope for off-farm work and businesses, which presumably provides higher return 
than HYV rice farming, particularly for small and marginal farmers. Ahmed and Hossain 
(1990) concluded that infrastructure has profound impacts on the income of the poor in 
Bangladesh raising their income by 33%, which includes doubling of wages and increase in 
income from business and industries by 17%. The influence of farm capital assets and 
education is negligible although Pitt and Sumodiningrat (1991) noted positive effect of 
education on HYV adoption in Indonesia.  
Seasonality has an important influence on HYV technology adoption as expected. The 
likelihood of adoption of HYV rice technology is significantly lower in Kharif season (the 
pre-monsoon and monsoon season). One of the main reasons is the cost of supplemental 
irrigation, which is estimated at 12.8% of gross value of output for HYV rice and only 2.6% 
for traditional rice (Rahman, 1998). Hence, farmers rely on monsoon rain for crop growth in 
the Aus and Aman seasons, and therefore, planting traditional variety is a preferred option. 
This perhaps explains why after four decades of thrust in the diffusion of the ‘Green 
Revolution’ technology, the composition of area allocated to traditional rice still revolves 
around 70% in Aus and 57% in Aman season, respectively (BBS, 2001). 
Columns 3 through 7 of Table 4 present profit and output supply elasticities with 
respect to the price and fixed factors. Variety-specific elasticities as well as the overall or 
‘meta’ elasticities that incorporate the variety-switching effects of the independent variable, 
are presented. The profit elasticities are all theoretically consistent (negative for input prices 
and positive for output price). A 1% increase in rice price increases overall farm profits by 
1.8% as expected. Profits are relatively inelastic with respect to each of the three input prices. 
Farooq et al., (2001) also reported remarkably similar estimates of profit elasticities with 
                                                                                                                                                        
6
 The index reflects the underdevelopment of infrastructure, and therefore, a positive sign indicates a negative 
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respect to prices of Basmati rice and the same three inputs in Pakistan Punjab. This provides 
useful insights for price policy in Bangladeshi agriculture. It shows that output price needs to 
be paid greater attention than to input prices. Although in the short-run, rising rice prices 
could increase vulnerability of the rural poor, in the longer run nearly half of such increase 
could be consistently passed on to the poor via increasing agricultural wages (Palmer-Jones 
and Parikh, 1998). Also, one of the principle arguments in favour of promoting HYV 
technology rests on the premise that part of the benefits accrued from producing HYV rice is 
transmitted to the marginal and landless farmers through the hired labour market as wages, 
since HYV technology uses significantly higher amount of hired labour than traditional 
technology (Hossain, 1989; Hossain et al., 1990). Our estimates of labour wage response to 
profits, though inelastic, indicates that a 1% rise in labour wages will reduce profitability by 
0.4%, thereby, lending support to aforementioned argument. Increase in land availability 
increases farm profits. A 1% increase in land supply would increase farm profits by 0.9%. 
This is expected in a land scarce country like Bangladesh where per capita available land is 
only 0.06 ha (BBS, 2001). Infrastructure development also increases overall farm profits 
although a reduction in probability of HYV adoption was observed for developed regions.  
The set of output supply elasticities also reveals the same story except one, the 
influence of infrastructure development. The implication is that output supply is higher in 
underdeveloped regions since adoption is higher although profits are not due to higher costs 
of inputs and perhaps transportation costs. Ahmed and Hossain (1990) noted significantly 
higher prices of fertilizer in underdeveloped regions. Apart from that, output price and land 
once again seem to be the key variables. A 1% increase in output price will increase output 
supply by 0.4%. Similarly, 1% increase in availability of land would increase output supply 
                                                                                                                                                        
effect on the dependent variable (i.e., HYV adoption) and vice-versa. 
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by 0.8%. Farooq et al., (2001) reported similar response of output price and land availability 
in Basmati rice production in Pakistan Punjab. 
Profit and output supply elasticities with respect to education are negative throughout 
although the effect is very small. This finding corroborates the hypothesis that increased 
education possibly leads to cultivators substituting their time inputs away from farming. 
Hossain (1989) noted negative effect of education on the probability of adoption as observed 
in our case. Rosenzweig (1981) postulates that education can affect adoption of new 
technology in different ways. On the one hand, it can encourage adoption by lowering 
learning costs. On the other, it may discourage adoption since education provides more 
profitable off-farm employment opportunities, and new technologies, if it is labour intensive, 
may reduce the ability of farm operators to substitute their time inputs away from cultivation. 
7. Conclusions and Policy Implications  
The adoption of HYVs, increased profitability of individual farming operations, and the 
accelerated supply of rice are important objectives for Bangladeshi agriculture. Most prior 
research has investigated these issues in a fragmented manner, often using ad-hoc models. In 
this paper, we have investigated the manner in which price and non-price factors affect these 
three criteria, based upon a model of rational variety choice. The model is empirically 
implemented using translog profit functions and a switching regression framework, and 
applied to a cross-sectional farm-level dataset of Bangladeshi farms in 1996.  
The results provide some broad lessons for Bangladeshi agricultural policy:  
(i) Maintaining high rice prices seem to be the most important factor as this would increase 
HYV adoption, overall farm profits as well as rice supply.  
(ii) Although the conventional wisdom holds that input prices are key to the adoption of 
input-intensive HYVs, their effects are relatively small and secondary to output price 
effects except labour wages.  
 19
(iii)Increase in availability of land is an important measure in a land-scarce country like 
Bangladesh.  
Over the last 25 years, several reforms have taken place in the public foodgrain 
distribution system in Bangladesh. Government control has been focused on the maintenance 
of high prices in the harvest season, and foodgrain prices have, in general been allowed to 
rise close to the level of world prices (Ahmed, 1998). Given that the previous regime 
consisted of a public monopoly in distribution aimed at providing low prices for consumers, 
the reforms in the foodgrain sector seem to have provided the right incentives to rice 
producers. Agricultural input markets have also been rapidly liberalized in Bangladesh, and 
the fertilizer subsidy system was dismantled in 1992. Once again, this seems to be a well-
conceived policy since the removal of subsidies has eased the budgetary burden, and 
according to our model, this policy does not have significant negative implications for HYV 
adoption, farm profitability and rice supply as the estimated impacts were rather small in all 
three cases. Development of infrastructure in rural regions also has a positive influence in 
increasing farm profitability through relatively lower costs and other facilities. Therefore, a 
combination of output price support policy as well as supplementary measures to improve 
land availability and rural infrastructure seems most desirable. We also provide evidence to 
support an extant hypothesis that more educated Bangladeshi farmers substitute their time 
inputs away from agriculture, resulting in lower HYV adoption, farm profitability and rice 
supply. 
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Appendix: Profit and Supply elasticities under variety-switching 
Expected profit at (P.Z) is given by: 
)1(),/(Pr),/(Pr),/( aZPTVobZPHYVobZPE TVHYV πππ +=  
We drop (P, Z) from the notation for expositional convenience. 
Profit elasticity with respect to input price Pi is given by .
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)(
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Differentiating (1a) with respect to lnPi and dividing by E(π), we can write: 
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The term 
iP
HYVob
ln
)(Prln
∂
∂
, the HYV adoption probability elasticity, has been computed 
before. Now, Prob(TV) ≡ 1 – Prob(HYV). Differentiating both sides with respect to Pi, we 
can write: 
.
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 Dividing both sides by Prob(TV) and simplifying enables us 
to write: 
)1(
)(Pr
)(Pr
ln
)(Prln
ln
)(Prln
c
TVob
HYVob
P
HYVob
P
TVob
ii ∂
∂
−=
∂
∂
 
Rearranging and simplifying further, we can finally write the profit elasticity expression as 
follows: 
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using similar logic, the following expressions can be derived: 
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Profit elasticity with respect to fixed input Zk: 
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Profit elasticity with respect to output price Py: 
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Output supply elasticity with respect to input price Pi: 
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Output supply elasticity with respect to fixed input Zk: 
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Output supply elasticity with respect to output price Py: 
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